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[57] ABSTRACT

In a Loran-C message communication system a method
of obviating errors in navigation locking caused by
sampling reception at the conventional symmetrical
pulse modulation time intervals in advance of and in
delay from the normal transmission interval, through
rendering the pulse modulation assymetrical to a degree
that compensates for different cycle amplitudes at sam-
pling points above and below the desired sixth zero
crossing used for navigation position determination.

10 Claims, 2 Drawing Sheets
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METHOD OF AND APPARATUS FOR MESSAGE
COMMUNICATION ON LORAN-C
NAVIGATIONAL SIGNAL BROADCASTS AND
THE LIKE WITH REDUCED NAVIGATION
ERRORS

The present invention relates to the introduction into
Loran-C navigational radio broadcast signals and the
like of message communication, as in the form of digital
data introduced as pulse phase or pulse time modulation
into the successive Loran-C pulses constituting the
groups that are successively transmitted, for enabling
vehicles, ships and the like, to determine their position
from the signals and also to receive the communication
messages simultaneously broadcast; the invention being
more particularly directed to techniques for reducing
errors caused by the pulse position modulation intro-
duced upon the successive pulses in the groups of pulses
resulting from the Loran-C or other navigation receiv-
ers becoming confused into locking onto an erroneous
“‘zero crossing”, for navigation purposes, in the light of
the modifications introduced by the pulse modulation
by the communication message superimposed on the
Loran-C groups of pulses.

Loran-C transmitting equipment is described, for
example, in U.S. Pat. Nos. 3,711,725, 4,151,528,
3,889,263, 4,001,598 and 4,423,419, of common assignee
herewith. The groups of spaced Loran-C pulse trans-
missions are received in vehicle location navigation
receivers which monitor for a particular zero crossing
in the third cycle of the buildup of each Loran pulse of
the groups of Loran pulses—i.e., the sixth zero crossing
point. Suitable receiver equipment for such purposes is
described, for example, in U.S. Pat. Nos. 3,921,076,
3,736,590, 3,774,210, 4,392,138 and 4,482,896.

It has heretofore been proposed, simultaneously with
the transmission of Loran-C and similar navigational
broadcast signals, to include in the train of navigation
signals, modulations on the same carrier that could
contain communication messages, as in digital data in-
formation form. Among the prior proposals for such
operation have been the so-called Clarinet Pilgrim sys-
tem, used by the U.S. Navy and described by Dean W.
N., “Loran-C for Emergency Communications”,
Maganvox, Fort Wayne, Ind., Sept. 30, 1973: Interna-
tional Telephone and Telegraph, “Loran-C Phase Mod-
ulation Study; Final Technical Report, Volume 17,
prepared for the U.S. Coast Guard, June, 1979; and
Radio Navigation Journal 1975, Wild Goose Associa-
tion, Acton, Mass., 1975.

In Clarinet Pilgrim, the first two pulses of the group
of eight Loran-C pulses constituting a first group trans-
mission are not modulated; but one or more of pulses
three through eight are modulated by moving the pulse
back and forth in time intervals of one microsecon-
d—so-called pulse position modulation. Usually, pseu-
do-random or plain data is used to modulate the pulse
position, but on occasion, a synchronization word may
be transmitted. In either event, the data is multiplied by
a “bit flip” or inversion sequence or its complement,
before 1t is applied to the pulse position modulation.
Indeed, when the first, third or any odd pulse groups is
modulated, then the bit flip sequence s
00 : . When the second, fourth or any even
pulse group is modulated, then the complement of the bit

flip sequence 00— + — 4 4 1S used. As an exam-
ple, assume that the data stream -
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e ] b - — 4 — 1s to be sent by a master
station, beginning with a first interval. Pulses three
through eight of that interval would be modulated as
follows: + + + + ——, because this sequence is the
product of the first part of the data stream and the bit
flip sequence. The plus causes a pulse to be advanced by
usually one microsecond or a fraction thereof such as %
microsecond, and the minus causes the pulse to be de-
layed by an identical time. Pulses three through eight of
the following interval, or second group of Loran-C
pulses would be modulated, for example, — — — +.
Among the problems with this type of message commu-
nication modulation upon the Loran-C navigation trans-
missions is the fact that at the time of sampling of the
third cycle by the receiver monitor, the amplitude of
the cycle of the Loran-C pulse is in the process of in-
creasing in magnitude as the onset envelope or buildup
of the Loran-C pulse is generated, so that, as later ex-
plained, there is a different amplitude of signal at, for
example, a one microsecond advance modulation point
from the amplitude at the symmetrical one microsecond
delay modulation point sampled by the receiver, intro-
ducing errors that can confuse the Loran-C receiver in
its navigation unction as to the actual zero crossing
point of the third cycle (or sixth zero crossing point), as
before mentioned, or whatever other reference may be
selected. Thus, errors in navigation position detection
may be introduced by this type of modulation of the
transmission to include communication messages.

Thus, if pulse position modulation is used, then the
user receiver unavoidably attributes the position (or
phase) shift as a shift in its position. The modulation
scheme, therefore, must cancel or balance this shift as
quickly as possible. Indeed, the receiver is constantly
integrating or smoothing the pulse position (or phase)
data as described in said receiver patents. The receiver
never estimates its position based on a single pulse mea-
surement, and typically integrates data for 1 to 10 sec-
onds. This integration time is known as the receiver
time constant. If the pulse position modulation caused
by the data can be balanced quickly relative to the re-
celver time constant, then the data modulation will have
negligible effect on the navigation receiver——the pro-
posed invention providing superior performance in this
respecit.

As before stated, the invention accounts for the fact
that the envelope of the leading edge of the Loran pulse
1s not constant but rising. The Clarinet Pilgrim and
other later-described schemes use symmetric pulse posi-
tion modulation wherein a “1” causes the pulse to be
advanced by exactly T seconds and a “-— 1" (or binary
“0”) causes the pulse to be delayed by exactly the same
T seconds. The Loran pulse itself, however, is not sym-
metric about the sampling point, and consequently, the
“1” causes the recetver to sample a negative half-cycle
position voltage, and the amplitude or magnitude of this
voltage is slightly less than the amplitude or magnitude
of the positive half-cycle portion voltage which the
recetver samples if a “— 1" (or binary “0”) is sent. Some
of the modulation schemes later described guarantee
that an equal number of “1”s and “0”’s will be sent; but
even so, exact balance will not be achieved in the re-
cetver and a bias error in the measured time of signal
arrival will result. This time measurement error will be
approximately 30 to 200 nanoseconds, and the resulting
position error will be 30 to 1,000 feet.

The method underlying the invention reduces this
effect by using asymmetric pulse position modulation.
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A 1 causes the pulse to be advanced by exactly T sec-
onds and the —1 causes the pulse to be delayed by fT
seconds where f is smaller than dnity, usually approxi-
mately equal to about 0.90 to 0.97, a substantial fraction
of T.

Similar problems exist with other types of message
communication techniques on Loran-C navigation sig-
nal transmissions, including the so-called Teletype II
system described, for example, in said Radio Navigation
Journal article; and in the Coast Guard Two-Pulse Lo-
ran-C Communication System also described, for exam-
ple, in the Radio Navigation Journal, and in Feldman,
D. A, et al., “The Coast Guard Two-Pulse Loran-C
Communications System”, Navigation-The Journal of
the Institute of Navigation, Vol. 23, No. 4, 1976-77; also
published in the proceedings of the Institute of Naviga-
tion National Marine Navigation meeting, Hunt Valley,
Md., Oct. 14-15, 1975; and in the U.S. Coast Guard
High-Speed Communication System similarly de-
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15

scribed in the Radio Navigation Journal and also in the 20

said International Telephone and Telegraph Report of
June 1979; and again the invention herein obviates the
navigation error susceptibility of these symmetrical
pulse position modulation techniques, as well.

An object of the present invention, accordingly, is to 25

provide a new technique for obviating these kinds of
navigational errors caused by the pulse position modu-
lation of Loran-C pulses in the successive groups of
transmitted Loran broadcasts; it being an object of the

invention to provide a new and improved method of 30

and apparatus (transmitters and receivers) for message
communication on Loran-C navigational signal broad-
casts with greatly reduced possibility of navigation
errors involved in the reception process.

Other and further objects will be explained hereinaf-

ter and are more particularly delineated in the appended
claims.

In summary, from one of its important aspects, the
invention contemplates a method of pulse position mod-
ulation of Loran-C pulses that, unlike the symmetrical
one microsecond advancing or delaying of successive
Loran-C pulses of the prior art, provides for asymmetri-
cally pulse position modulating Loran-C pulses by ad-
vancing a pulse an interval greater than the interval of

33

delaying of another pulse affected in the modulation, 45

the difference in the asymmetrical time interval of ad-
vancing being an amount sufficient to compensate for
the different amplitude or magnitude of the negative
and positive cycle portions at the third or reference
cycle of the delayed and advanced sampling point cycle
position amplitudes being monitored by the receiver at
sampling times.

Preferred and best mode embodiments and details are
hereinafter presented.

The invention will now be described with reference
to the accompanying drawings,

F1GS. 1A and 1B of which are graphs illustrating the
points of sampling of successive pulse position modu-
lated Loran-C pulses in accordance with the prior art
and in accordance with the present invention, respec-
tively;

FIGS. 2A and 2B are pulse timing diagrams respec-
tively illustrating the normal pulsing timing of Loran-C
transmissions and the modulated pulse timing in accor-
dance with the technique of the present invention:

FIG. 2C 1s a wave form diagram of the modulated
series of Loran-C pulses, the solid-line wave form repre-
senting the normal radio-frequency Loran-C pulse, the
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dotted wave form representing an advanced Loran-C
pulse in the communication modulation (advanced by
T) and the dash-line wave form, a delayed pulse (de-
layed by a lesser time period f7); and

FIG. 3 15 a block diagram of a transmitter for opera-
tion with the technique of the invention that wiil pro-
duce the performance illustrated in FIGS. 1B and 2B
and 2C.

Referring to FIG. 1A, the before-mentioned Loran-C
type of rising and falling envelope E is shown formed
by the buildup of the successive cycles of the radio
frequency burst or pulse and then its tail off, as de-
scribed in the before-mentioned transmitter patents.
The sixth zero crossing point at the third cycle, indi-
cated by the letter P at the thirty microsecond interval
along the time or abscissa axis, is the capture point
customarily monitored by the receiver for purposes of
determining the navigation location of the vehicle con-
taining the receiving equipment, as described in the
previously cited receiver patents. The pulse of FIG. 1A
1s diagramatically shown at P1 in FIG. 2A in arrow
form, to illustrate the successively spaced groups, Gl,
G2, etc. of transmitted Loran-C pulses, the first group
G1 having eight pulses (P1-P8) shown successively
presented with one millisecond normal (unmodulated)
timing position spacing between successive pulses, and
the second group G2 similarly having uniform, normal
one millisecond spacing between the pulses, but spaced
from the earlier group G1 by a group repetition interval
(GRI) usually of the order of 50 to 100 milliseconds.

In accordance with the before-mentioned Clarinet
Pilgrim system, Teletype II, Coast Guard II Pulse Lo-
ran-C Communication System, and U.S. Coast Guard
High-Speed Communication prior communication
modulation techniques and others suggested, the suc-

cessive pulses P1, P2, P3, etc., make up the first group
(G1 and have, as before stated, in normal (unmodulated)

puising timing, the same one millisecond spacing. This
is modified in these prior art modulation systems, gener-
ally starting with P3 and going through P8, by introduc-
ing the communication message of digital data signals
by way of pulse position modulation in the P3 through
P8 Loran C pulses. As before explained, these pulses, or
some of them, in accordance with the signals, are ad-
vanced or delayed to introduce the modulation effect,
as more particularly shown in FIG. 2B. The first pulse
P5 1s shown advanced, and a subsequent pulse P8 is
shown delayed to introduce the modulation effect, cor-
responding to the data message, these being indicated
by the numbers 1 and —1, respectively. In terms of
binary digits “1” and “0”, “1” corresponds to 1 and “0”
corresponds to —1”. The one microsecond (or some-
times § microsecond) usual time interval of advance or
delay (much less than the 1 millisecond interval be-
tween successive Loran-C pulses and also then the per-
10od of the radio-frequency cycle of the pulses) results in
a greater amplitude or magnitude when a —1 is in-
volved and sampled by the receiver, as shown at point
Pi than on the lower part of the rising third half-cycle at
sample point P; in FIG. 14, in view of the rising of the
pulse envelope E; this difference in amplitude or magni-
tude introducing the possibility of the error of the re-
cetver in not finding the appropriate average zero-
crossing point P for navigation locking purposes.

In accordance with the present invention, instead of
having this symmetrical or standard plus or minus one
microsecond (or other) delay and advance as in the
prior art, the present invention compensates for the
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above-mentioned difference in amplitude of the sample
point Py when a —1 (delay) is involved on the positive
portion of the third cycle upswing, and the negative
amplitude of less value at P, when the sample voltage
for the 1 (advance) is involved. Thus the symmetrical
pulse position modulation in the prior art 1s changed, in
accordance with the invention, to an asymmetrical
pulse position modulation by modifying the time of
delay, making it less than the time of advancing to a
degree that will compensate for this difference in ampli-
tude, and, in reception, the demodulation will accom-
modate to recover the original communication data.
This is shown in FIGS. 2B and 2C wherein the pulse PS
is shown advanced in time by, say, a time T-—the one
microsecond; whereas the pulse P8 is delayed or made
later by fT seconds, where f, as before explained, 1s a
substantial fraction, such that the delay may be of the
order of, say, 900 nanoseconds or 0.9 microsecond to
compensate for the greater amplitude of P-to-P; as com-
pared with the lesser magnitude P-to-P; in FIG. 1A.
Under such circumstances, it has been determined that
the before-mentioned errors in navigation locking
caused by the pulse position modulation in symmetric
systems of the prior art is admirably overcome and the
receiver, as of the before-mentioned articles, 1s adjusted
in reception separately to demodulate the asymmetric
time interval modulation about the sixth zero crossing
to recover the original communication data, trrespec-
tive of the asymmetry of the modulation intervals.

Thus, in the typical fransmitier system of FIG. 3,
schematically representing that of the transmitters of
before-mentioned prior transmitter patents or refer-
enced articles, the communication data (1, —1 or 0) for
modulation of the position of one or more of the Loran-
C pulses P3-P8, FIG. 2B, 1s shown applied at the time-
standard-controlled Loran-C pulse timer, which in turn
controls a timing strobe that insures the appropriate
advancing or delaying of the Loran-C pulse generated
by the transmitter and broadcast by the antenna. As
before intimated, the receiver will be similarly time-
strobed in demodulation to recover the original modu-
lation data. ,

Further modifications will occur to those skilled in
this art, including the applicability of the technique of
the invention to other types of transmissions, as well,
and such shall be considered to fall within the spirit and
scope of the invention as defined in the appended
claims. |

What is claimed is:

1. A method of pulse posttion modulating successive
Loran-C pulses while obviating errors caused by such
modulation in the sampling reception determination of a
predetermined zero crossing of a captive cycle moni-
tored for navigation position determination, said
method comprising pulse-position modulating said
pulses from the normal unmodulated pulse timing posi-
tions asymmetrically for pulse position advance and
delay, and adjusting the degree of asymmetry to com-
pensate for the difference in amplitudes of the negative
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and positive portions of said cycle at equal reception
sampling times on each side of the said zero crossing.

2. A method as claimed in claim 1 and in which said
zero-crossing 1s the sixth zero crossing at the third cycle
of the Loran-C pulse, and the pulse position advance
modulation position from the normal unmodulated posi-
tion is set at T, and the delay modulation position is set
at fT, where f is a substantial fraction of T.

3. A method as claimed in claim 2 and in which fT is
of the order of about 0.9 T to 0.97 T.

4. A method as claimed in claim 3 and in which T is
of the order of about a microsecond.

5. A method as claimed in claim 2 and in which the
modulation is effected on the third to eighth Loran-C
pulses of successive groups of such pulses with the first
two pulses unmodulated.

6. A Loran-C transmitting apparatus for broadcasting
successive Loran-C pulses simultaneously with puise
position modulated data communication having, in
combination, means for advancing and delaying from
the normal unmodulated puise timing positions of the
successive LLoran-C pulses of successive groups certain
of the pulses of each group in accordance with the data
to be communicated; and means for asymmetrically
advancing and delaying the pulses with a degree of
asymmetry adjusted to compensate for the difference in
amplitudes of the negative and positive portions of the
third cycle immediately before and after the sixth zero
crossing of the Loran-C pulse.

7. A Loran-C transmitting apparatus as claimed in
claim 6 and in which the time of the delaying pulse
position is adjusted to the order of about 0.9 to 0.97 of
the time of the pulse position advancing in the modula-
tion.

8. A Loran-C transmitting apparatus as claimed in
claim 6 and in which means is provided for effecting the
modulation on the third to the eight Loran-C pulses of
each group with the first two pulses unmodulated.

9. In a Loran-C communication method in which the
broadcast transmissions are effected as claimed in claim
1, during said reception, the said zero crossing is moni-
tored for said navigation position determination, and
the asymmetrical pulse position modulation advance
and delay of the said successive Loran-C pulses is sepa-
rately monitored and demodulated at said equal recep-
tion sampling times on each side of the said zero cross-
ing to recover the original modulations irrespective of
the asymmetry of the modulation intervals.

10. In a Loran-C navigation and communication sys-
tem using a transmitter as claimed in claim 6, means for
receiving said successive Loran-C pulses simulta-
neously with the asymmetric pulse position modulated
communication data, and means operable while moni-
toring for said sixth zero crossing for navigation posi-
tion determination, for separately monitoring and de-
modulating the asymmetrically advanced and delaydd
pulses of said negative and positive portions at said third
cycle of successive Loran-C pulses to recover said com-
munication data irrespective of the asymmetry of the

modulation intervals.
X * i x - 3
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